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Title of the Invention : 

Apparatus for measuring gap between substrates using two-dimensional CCD 
Abstract : 

An apparatus for measuring a gap between two substrates in a process where a gap 
between two substrates is very important, like an exposure process. In particular, an 
apparatus for measuring a gap between two substrates using a two-dimensional CCD comprises 
a laser beam emitting unit, which emits laser beams toward a mask and a glass, and a laser 
beam receiving unit, which detects two laser beams respectively reflected on the mask and the 
glass using a two-dimensional CCD, performs image-processing on detection results, and 
measures a gap between the mask and the glass. An unstable factor causing a variation in an 
analog voltage signal depending on the amount of light of laser beams is removed such that 
stable measurement results of the gap between the mask and the glass are obtained. 
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S ^0i ¥ D\B Ah0|2| ZI^OI 0^ ffisl o]X^ ^§6^ 5§01IAH ¥ 3|»a2| ZI^M ^SolOI S XI 011 3» 512 

AH , «@| 0^321- ^2H^B 88H BilOIXI^M ttAWte 9101X13 g>AF¥2K 0[±B9\- ii £U CHI AH 2>2[ gJ-AI-H ¥ JH2J 2HI 0| XH ^ « 2Xtm 

ccom o\m*io\ axis ^ 3 sxiaaa m& xn^iehoi ^01 ni^ns* mo\b\ ^§5^ euoixngj 4^¥;^ 2»s cc 
dm oise z_^ ^§§xis xhssosjm enoixH^jBj 99011 sisshfe ofkfSD m&tim &ms\ »ghs& q^m oh xhi ot±n 

21 ^bh^ Ahoi^j z>=*oii a\m as^ei m^si^m m 5101a. 

£2 

Ut±B, ^EK^, Z*3J 2x^ CCD 

SAIIAj 

£B2i ae» 

£ 1S J I if 011 WtB ^£ PSD(Position Sensitive light Detector)^ 01 gB D\®?}2\ Zl^ JW^™°^ £A|@ 

£ 2i= S US Oil CLfM CCDm OIS& ?\m&2\ 2}^ *gSXP* Jtt^™^^ £A|9 ^P^£0ID. 

50 : aiOIXIH 60 : £11 01 XI £J 4*»¥ 

65 : 2xh£i CCD 70 : sl&5A|¥ 

m%o\ ^sfe ?i& « n ^0*21 ssh?i* 

^ »SB t§ g2| o § CHI AH Q[±H2\ B^±2}9\ ZI^M 5§5^| 2xh^ CCDM OlgShOI &2| 0^32* ^SH^i Af0|2J Zj-^S 
te 2X[m CCDM 01 SB D\B21S\ Z_^ ^3&X| CHI B» 3S0ICK 

2UHPI SS2XI- 2|£g ^^2^ SSl^^lii ^ ^ EH Oil 2J6h01 SCf CH H^m^H ^SI 5!0|Di, OIS f»^Sm01 ^^Jfi 
^ ^1^^ H ¥J\J\X\m ^t: ^£X|| §J P^MBIIOI ^I^OICK 

OlEHel- &^Xi\ ^ P^MailOl ^P^S^I ?I6H MgEJb l^^g§0llAH^ Df^3£f e^H^ AfOISj ZI^OI ti§ii ^§5^ gS§l oi 

X^ ^SBCK CO^Al, 4,0|£h t^SSOll^ 0^B£f M0\2) Zi-^g §^5| * ^§6H^^ 5[SOI ^^^0!D1, OlEiB ¥ ^l& 

^oj ej.^ ^§ o. 5S ^8 Izi^SS 21 0il£ Ol SH ^FXI ^0^011 ^01 0|g£JH 21 CK 

£ 1^ e2H 21^011 mm PSD(Position Sensitive light DetectorJS 0|gS ^IBZJSI Z.^ ^SSxI^h ^^^^^ £A|e zp^ £0 |CK 
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, < Cr* ; _____ _ - . - 

_. is x_oii aj_; psds 01 g_ uieaa zi^ ^__xi_, q^_b(m)2[ een_.(G)_ g=ati aioixi_oi 

_a>£I_i~ aioixi_g „A^m_ aiioi xh _j gfwwioja, _3i o^a(M)2i _-sh_.(g)ouh ^ bajs ¥ jh°j aioixieisi & §j 

_lfA|5M_ aiO|Xi_ __¥(20)2h _0| aiOIXi _ 2_¥(20)M e6H SiS aiOIXIgJS ^ axie? ^ _r3IS 31 01 XI _ 01 _-X| _ ^ x] Oil w 
Ef 3^21 2|2J XHI 1 PSD(31)£f X1I 2 PSD(35)s_ 01^01X1 _0| D>_:H(M)2f ~EU__(G) _£| ^§of_ PSD(30)S 

saea. 

01^1 At. 6PI EHIOI X-i^J _Ah¥(10)_ D^_3(M)2} _^_:(G)°J _^01l _x|£J01 Oh_.3(M)2f _2H__(G)M »8H aiOIXi__- _A^_ EH! Ol 

xi __3i(n)£L _x siioixh *a^i(ii)oiiAi _m_ aioixi__i _ s ___-_=s _»Ai3i_- a 1 _j_e(i 3) _ xii 1 oiaidsjs ^sch a 

P. 

_£_, ai0|XH_ HB¥(20)te DF__B(M)2F _ _H_-(G)0|| AH 2|2J aiO|X|_°l S9»8 31 £> h _ _£lA|9|_ XII 2 Dia(21) „ XII 2 __.(23 

)£h _2I J9I 2 013(21) 31 XII 2 £i_(23)M gH^_ 2J2J-2I aiOIXI-8 XII 1 PSD(31)B SSH _MAl_Hf _A|Oil _§ _»_!sL _AhAI3|_ 
_t_-E|EI(25)£K 6PI ___tB| EH(25)0ii>H _-AhS 2,^3 ai0|XH_2| _____ _lfA|^ _0| XHJ 2 PSD(35)S 8F8H _MA|3I_ XII 3 DI&K27) 

s- ^_£JCH HP. 

SE_\ &D\ Xil 1 PSD(31) £ XII 2 PSD(35)_ ^ AH _. P_ 3IB0IIAI _Ah_ ai0IX|___- _-X|» 4= ai£~ a XI D[^=?^ (Y)J» _-XI_-_^« 
(N)__ ^?_£|0i 91Q. 

~, _0| XII 1 PSD(31)_ 0F_.3(M)0ilAH _A*_ _HIO|XH _J °hS _-Xim_=~ _X|X^<*(Y)OI ___I0I ai0|X|_0| _~XI_ « XI Oil CGEI- Dh_:3( 

M)2j mx\m uej-lh _ u\±b _&__., v R _ i^sm, _oi xii 2 psd(35)_ ~£H_(g)ouh _ai-_ aioixn__-g _-xim_.ii _-xpi-_--<*(y 

)0I __£10i EMI 01 XH _J 01 _-X|_ ?|xl Oil If El ^eH_(G)^ ?|x|g UUUi_ _£H_ ______ V s _ MffP. 

_oi_i- a-01 e _ _soii me ^_ psdm ois_ 21 sag _^ ^__xi_ a§i »oi srs_p. 

_Xi, 31 01 XI ttSPId 1)011 A| _M_ EIIOIXH _J 01 XII 1 __H13) SI XII 1 DIEH(15)M _5H Oh_:3(M)2f _EH_^(G)0|| ^ _^l Dh__a(M)2J 

__H__(G)2J __0||A| _Ah_CK 

^ISI- _0| D|-____(M)2f eEH^(G)OilAi ^ ¥ Eil0IXI__ XII 2 D|EH(21) ^ XII 2 _ZS(23)S SsH ±M El EH (25)011 £^£|H, _ 

31 __IEIEH(25)_ ¥ 3HSJ EHI 01 XI _j S XII 1 PSD(31)s_ SAhA|_3f ^AIOII Xil 3 Q|Ei(27)s_ _MAI_CK 

0\m, 8D\ ___£IEH(25)S mm XII 1 PSD(31)_. Xil__ ¥ ^H°J BUOIXia 5 Dh^3(M)0||AH _Ah_ S||0|XI__ _-XP^^P^(Y)o_l _J AhS_2 
, e_H_(G)CHIAH _-Ah_ EilOIX|__ _hXI _ _ ^ (N)_15_ _A^_D. _>EhAH, 6f3| HI 1 PSD{31 )s_¥EI _ Dh__B(M)-q $\X\m UEJ-LH _ O^B 

___n. v R 3^ e^_P-. 

0|2f = A| CHI Xil 3 0|E-i(27)_ ¥ 3H°J B||0IXI_2J _J_^ h _g _SfA|51 XII 2 PSD(35)_ »8H fiAhA|_QK 01^, ^^1 Xil 3 0|Ei(27)g mm 
XII 2PSD(35)s_ XII ^9 ¥ ^H£J 31 01 XI _ _ Dh_-3(M)0|| AH ttAhS E||OIXI__ ^Xl (N)__s_ _M£|H, ^EH__(G)Oil AH _-A^_ EilOIXH 

__ _XP^^«(Y)____ _Af_Ch dfEUH, _^l Xil 2 PSD(35)s_¥Ei _ e£H^(G)2J $\X\m UEHH_ _EH_ __J_J_., V s 01 M^_CK 

01 jj| 1 PSD(31)2f Xil 2 PSD(35)0ilAH _ Of_:3 2_ V R 2f _£H__ __ V s _ __lxH EI¥(40)B ~6H g~ ^ P 

Xl_ _]_!__ __£JCH e_=MEi(45)^ Xil~_P. Ol^, 4^1 __=MEi(45)- ^^1 _jllxH EI¥(40)__¥Ei U XII __}5^01 Q\± 

B(M)2f _EH^(G) A|-0|Sg _-^B ___P. OI^Mi, ^3|_ Df_:B(M)£l _£H__(G) _2| _^ ^_^_0| _S_P. 

BEiU, _-3|£|- SEH2I W_ PSDM 0|__ 3I_ _°J Z!^ ^__X|_, Xil 1 PSD(31)£f Xil 2 PSD(35)3h EIIOIXi_£| _A|- ?ix| _ _ Oil b| 

aisKM ohy-sn __-_ _^a^i in ~oii __bi aioixi_oi _a^_ixi a v e s^oii_ aioixi _ °j s_ _ifoii sistoi _-^i_ xii 1 psd( 

31)5} Xil 2 PSD(35)_L¥Ei #^£J_ Ofk^B __0| ^E^h ^iXIH, Ol CHI CCfEh Df_3(M)£f _2H_(G) _£| _^ 0H¥ _ 

___ _Xil§0| 2^2iP. 

_3I_ bhSf _•_ _X1I__ MEH^(G)2l S__EH „ ^M0\\ CO- El- AH ^3| eEH^(G)_l¥Ei _M_ aiOIXi.HJ 2^0| _lf£|>IU __-£]_ _ 

^ ch^ _^£i^i aa. 

^_0| 0|¥HXF Sfe 3|_?2! HfXil 

_ _S_ &OI2F _Xil_M 5H_6PI ^01 _#_ ^_^AH, Dh_.B£[ eEH_:0ilAH ^ _Ah_ ^ ^H2J aiO|Xi_e 2xF_ CCDS 0|_m 
01 aXI_ m D. ^XI_ol|-g sf^ XHEI 61-0} ^Ol D^3£f ^EH_: AfOISi _2*_- ^_6h_ aiOIXiS ^PblS-o^Mi aiOIXi_£| _-iroii 

SI_oh_ Oh_"_-3 __-__i _~2J M___ 2_:M UHXiiafOI Dh_:32f gEH_. AhO|_4 Zi^ Oil CH_ _§^j _ ^SS^ ^j~£J£~ 2zh 
_ CCDM 0|g_- 3ie_-°J _^ *__"X|M Xil_m_Ell 3 -^01 

__2| „ ^_ 

Ah^|o| _ $\m _ __oii £]_ 2x^_ ccdm oig_ ^ie_°j _^ ^__-xi°i ~__ t of_3£i- ean_:M _6H aioixi s§ ^Ah 

aiO|Xi_ _"A|-¥£f; &D\ Dh_3£f ^ EH _: Oil AH _-Ah_ ¥ ^H°l aiO|Xi__ 2xh_ CCD_ 0|_5^ _"XI_ ^ 3 _XI^3fM Sf^ xH 

ei ahcM 401 o^32f ^en_ ai-oisi aioixi _ ^?^_ 5ioip. 

SEth, _ ^_2J ¥3^_ _3l_ 2xf_ CCDS 0|"_ 3l_ _2J _-2* ^__-xl^, _-^l 2xh_ CCD2J i^XI_2fS SUE-IS M6H A| 2f 

SA|5[_ m_SA|¥S CH Gil 91Q. 

^01 _ Df_3£F ^EH_OilAH ^^1 _A|-_ ~ PH°J aiO|Xi_e 2xh_ CCDS OlgSfOi ^X| of 3 4^1 2X>_ CCD_ 

___lfOil X_l Sim _XI _-3| 2xf_ CCDHJ 2^X1 ^ 3f Oil AH fiilOIXi _£J D|Ail_ g§ _sfOil CLf~ g___ S^^f XilX£|Oi 0\± 

32f ^EH_3°J _^Oil □_ __^!_ ^§^5fS __ 4= £l_ 01 SOI 2iC\. 

OISK _ _"_£] _A| 01IS _¥_ £21 __m01 ___P. 

£ 2_ S _SOil Hf- 2xf_ CCDS 0I__ _£) _^ ^__xPI 5H^ fc ^£!Sl £A|_ ^_£OIU. 
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£ 2M s ^soii mm 2xtm ccdm oigti- 3ieasi ^ ^§sxi^ ( d^3(m)» eaH^(G)s ssh aioixise ^a^f^ aioixi 

BAJ¥(50)», D^3(M)2| ^£H^(G)01IAi 2f2j ^Aha ¥ JH2j 3IO|Xi^M 2x>§! CCD(65)M OlSotOI BXIS ^ 3 ^Xl^Hfg 
XHBimOl □^3(M)2|- ^2H^(G) M0|2| Z_^g ^§5^ 3I0IXIS ^^¥(60)^ ?^3Cf. 

0\D\M, aiOl XH^J *Ah¥(50)fe D^3(M)2|- ^2U^(G)2| ^^Oil ^x|£JCH £0\ 0^3(M)2j- e2H^(G)S »8H SNO|X|»S ttAWfe 5HI 01 

xi stta^Ksua. m\ aioixH bsi^ksdoiiai *Aha aiouaag & si ssass £^ai9I!= xhi 1 21^(53) sj hi 1 Diaussjs ^sjch si 
flEff, &d\ aioixiej ^^¥(60)^ D^a(M)» een^(G)oiiAi 2^ «^a aioixngjsi as»» ^ &g ^siai^ »i 2 oia(6D ^ m 2 ^1 

±(63)2} , &D\ M 2 Dl aH (61 ) ^ Hi 2 ^J^(63)M ¥ aiOIXHSM SMS ^ 3 U XI gift Oil Hfdf g^5i 2X1 CCD(6 

5)», 2»a CCD(65)0||AH #§*a §^^11 sf^ xH£l8h01 Ot±3(M)» ^BH^(G) a°| 2.^8 6[§5fb £IS»£I¥(67) gJ e^M£H(6 

SEth aiO|XI» 4^¥(60)2] ^^MaH (69)011 ^ £P| 2x^ CCD (65) 2] axiaM 2UEHS g6H A|2f*|oS HAISJfcr »#HA| ^(70pl- 

^»^i£f aoi ^pga e ^goii me 2*hs ccdm oiset ^leag zi^ ^ssxite atmm »oi ^iSCf. 

21XH, 9 01 XI »a5|(51)0IIA| VMS MOIXIHOI XII 1 a]2S(53) 9t M 1 DISH(55)» mm D^3(M)a 3£Hr±r(G)01l EBB * 6*21 D^3(M)2| 

ma a esH^(G)2i ^soiiAi ^ ehA*ech 

2*01 Q^3(M)» ^£U^(G)OUH £]■ Aha ¥ ^4 aiOIXH&a HI 2 DIBI (61) % M 2 g«^(63)g g6H 2X^ CCD(65)0ll EiSC}. 

01 ~, &d\ 2x[& ccd(65)^ * JH2j aioix-i^oii chs- uxia^oii caaf s^^i^m »§*ecf. 

01^, ^SXHE|¥(67) » e^ga-|(69)^ 6PI 2X1 & CCD (65) CHI AH g^a S^ii 2J^£>0|- m& S£|»o£M| 0^3(M)2I ^BW^(G 

) asi zi^e 

^AHIS^I^, ^Ol 2X^ CCD(65)M mm sf^OilAj 351101511^ g 255011 ^hS ESII §, ^ §§ 2JH ^. ^.^Ith 

0|^, m&ttO\\ 6H&6fe 2|3|2| 5|^M2J »3l»(Gray value)S 5>OF g^^lOil CH§[ 3£H°M ^^^CK 01^, ^>^|t[ 3BHH 

CHI AH ^^12^21 ¥>lie^e mot ¥ BilOIXi^S] ei^lEhCK 

oi^, &j\m ¥ aioixi^sj e^s afoi^ 2i^m ^»»ssmi d^3(m)» ^an^(G) akmsi ^6H5ia. 

01 ffH, ^0|f[ 2x^ CCD(65)°J ^Xl^^ ^ ^]sXH dl ¥(67)£h B^m^i(69)2\ xHdl^^^ Sf^SA|^(70)£| SUBS ft oH AH Al^^o^ 
SAIEI3 SACK 

&3\2± ^01 ^P^EJ3 §^£|^ ^ ^SOII CCfE 2x^ CCDS 0|g§[ Zl^ *§§Xlb, 0^3(M)£f ^£H^(G)0j| AH 2[2| «[A^a ¥ 

21 aiOIXHSS 2X^ CCD(65)M 0|g^0| ^Xl 5}- 3 2x^ CCD(65fe St^sFOI! X2J §ti £>X| &^o^ 2 x^ CCD(65) 

21 axiaaoiiAi egoisHsi ai/die as &mo\\ clf^ ieae s^^f n^scx d^3(m)3 ean^(G) aa a^oii □» assiei 
> 4* oiaoi aa. 

SES, S ^§8 2xhg| CCD(65)M OJg^OI ^S^ei ll^M ^ ¥ 3H°I aiOIXHgJ2| ^^2121^8^1 ^^1 £|0i ^§0| 

gOI&B ^^1 2X^ CCD(65)£| ^XI^HfM 2UEI2I sf^M Em Al^o^ ^o|s^ 4, °[ oa^ ^^Xf^ ^^6^ AH 0^ 

3(M)2f ^BH^(G) a2| 5§i ^ 0IS0I atQK 

(57) 

1. 

□ h^32f ^£H^M eilOIXH^M ^Ah5fe BilOIXIS ^Af^2f; D^3£f S ^ CHI AH ^A^a ¥ JH2J aiOIXIgJS 2x^ CCDM 01 
mmO\ ^Xl§[ ^ 3 ^XIS3fM xHdlohOj ^.Ol a^33 ^BH^ Ami 2] Zl^e *§5ih BllOIXIgJ ^^a ^S^^ Sfb 

2X[& CCDM 01 gel- PieZ]-2| Z.^ ^§§xl. 

s^sr 2. 

XII 1 troll 9JL0\M, 

2xm CCDS Olgth ^l&Zi-BJ Z.^ ^§Sxl^ r ^-^l 2x^ CCD2I ^Xl^^g eUEIg S8H AI^I^o^ SA|6^ If^SAIVM CH 
Sfe 2xf§J CCDM Olgth D\BZ1S\ 21^ ^§&X|. 
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